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Abstract
We report on the integration of an organic photodetector into a polymer waveguide. The photodetector is based on
thin film organic solar cells using Zinc phtalocyanine and Fulleren C60 (ZnPc:C60) as photoactive material. This 
approach comprises the potential for an ease of production of active electro optical components on passive optical 
elements. By using organic materials low cost production of integrated devices on uneven surfaces becomes 
possible. In first experiments we show the potential of ZnPc:C60 solar cells as photodetectors at a wavelength of 
635 nm. We perform simulations of this detectors put on the top surface of a polymer multi-mode waveguide. The 
simulation shows how light, which is guided through the waveguide can be efficiently absorbed by the 
photodetector without complex coupling structures. 
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1. Introduction
Organic materials (plastics) offer a variety of low cost production methods, like hot embossing and printing, that 
are well established within the industry [1, 2]. The fabrication of electronic and optoelectronic devices from organic 
materials offers the exploitation of these production processes to a new class of devices. In addition, it allows the 
implementation of new device designs and even new applications. As one example organic photodetectors based on
organic solar cell technology offer a wide range of advantages compared with conventional silicon devices. Flexible 
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and semitransparent detectors are possible [3, 4], as well as devices with unique shapes and designs offering a high 
degree of integration.
Fig. 1. Layout of a polymer waveguide with an organic photodetector.
There are many organic materials available for the detection of light in a wide range of the optical spectrum [5]. 
New kinds of sensors are made possible by the combination of such devices with polymer waveguides [6]. The use 
of established production techniques may allow the fabrication of large scale devices which could lead to the 
implementation of new concepts for sensors in a variety of applications [7,8].
In this paper we describe an ZnPc:C60 based organic solar cell used as a waveguide integrated photodetector 
without complex coupling structures. A schematic representation of the concept is shown in Figure 1. The organic 
photodetector (OPD) is based on the device structure and the materials of an organic solar cell but driven under 
reverse bias. The OPD consists of a multilayer structure which is evaporated stepwise on an ITO substrate. A lateral 
cut of the OPD stack - electrical contacts, absorbing layer, hole and electron transport layers - is presented in Figure 
2. In our simulation this device is put on a waveguide. The idea is that a light signal that propagates through the 
waveguide and arrives at the OPD couples to the thin film stack due to the increased refractive index of the OPD 
structure. This enables the absorption of the light wave within the absorbing layer of the OPD and its transformation 
into an electrical signal. A similar approach was presented by Lamprecht et al. [6]. 
In our work we use a different active material which matches the used wavelength of the light, and focus on the 
interaction of the waveguide, the light modes and the photodetector. In section 2 of this paper we take a closer look 
at the electro optical characteristics of the device and the evaluation of its application as OPD. Section 3 deals with 
the mode distribution within the waveguide. The influence of additional OPD layers on the optical mode distribution 
within the waveguide is described.
Fig. 2. Cross section of an OPD stack based on an organic solar cell. The light absorbing layer is made of Zinc phtalocyanine (ZnPc) and 
Fullerene C60. Additional layers (yellow and orange) act as hole-transport (HTL) and electron-transport layer (ETL). The stack is clad by 
aluminum (Al) and indium tin oxide (ITO) contacts.
2. Organic solar cell as photodetector
Our OPD should exhibit a high sensitivity between 600 nm and 800 nm as we later want to use waveguides that 
transmit in this wavelength region.
Figure 3(a) shows the simulated absorption spectrum of a ZnPc:C60 layer (d = 60 nm), a common absorber material 
for organic solar cells. The simulation was performed with the program FLUXiM Setfos 3.3 using the measured 
158   Torsten Otto et al. /  Procedia Technology  15 ( 2014 )  156 – 160 
absorption coefficient Į of ZnPc:C60 shown in the same diagram. The material exhibits a broad absorption band 
between 575 nm and 725 nm which satisfies our requirements.
In a first step we built an OPD based on the solar cell design using ZnPc:C60 material (Figure 2). The OPD is 
fabricated layer by layer using the organic molecular beam deposition technique. The production process starts with 
a transparent ITO electrode on a glass substrate which allows light transmission into the active layer of the OPD. 
Next, a hole transport layer is deposited followed by the ZnPc:C60 absorption layer and an additional electron 
transport layer. The stack is finally covered with an aluminium contact. At the end the multi layer stack has a total 
thickness of 200 nm.
The OPD was investigated concerning its behavior under illumination with the full solar spectrum (AM 1.5) as well 
as under laser light illumination at 635 nm. Figure 3(b) shows the voltage current characteristics of the prepared 
OPD under both illumination conditions and compared to its characteristics under dark conditions. For an 
illumination with the full solar spectrum (100 mW/cm²) the OPD shows a current density of 10 mA/cm² at -0.5 V. 
The illumination with laser light of 8mW/cm² at 635 nm leads to a current density of 2.5 mA/cm² (device area 3.14 
mm2). So the measured current reaches a quarter of the value which is attained under illumination with the whole 
solar spectrum. This reassures the ability of the absorber material ZnPc:C60 for an efficient electrical signal 
generation by red light. Concurrently the dark current is in the range of 1 nA which indicates high sensitivity of the 
system as well as a high dynamic range (~105).
Fig. 3 (a). Simulated absorption spectrum of a 60 nm thick ZnPc:C60 layer (performed with SETFOS using the material absorption). (b) Current-
voltage characteristic (measured) of a ZnPc:C60 device under dark condition, illuminated by laser light at 635 nm and by full solar spectrum
(AM1.5 spectrum).
3. Simulations
The results shown above indicate that the photodetector has a suitable sensitivity. Next, we need to investigate the 
impact of the light guiding characteristics of a waveguide with an OPD placed on the top surface. The optical 
waveguides are based on the commercial photoresist material Epocore (Micro Resist Technology GmbH, Germany). 
The material exhibits excellent transmission behavior for light in the visible and the Near-Infrared, e.g. an optical 
loss of ~0.2 dB/cm at 850 nm [9]. 
We calculated the mode field distribution in our structure. The structure was simplified for the simulation. The 
one dimensional stack starts with a glass substrate followed by a waveguide with the OPD layers on top. Based on 
this structure, the number of modes and their field distribution within the stack have been calculated. In addition, the 
program provides the propagation losses of each mode.
(a) (b)
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Fig. 4(a). Distribution of the TE10 mode profile within the OPD-waveguide-structure. (b) Close up of the marked OPD stack from (a). The 
overlap of the mode with absorbing layer of the OPD stack has to be sufficient for the generation of a reliable electrical signal in the OPD.
Figure 4 (a) shows the mode distribution of the TE10 mode within the waveguide covered with the OPD stack. A
close up of the TE10 field distribution within the OPD (marked area in Figure 4 (a)) is shown in Figure 4 (b) for the 
evaluation of the interaction of the light mode and the OPD. The graph reveals a very low mode overlap with the 
OPD. A small dent of the mode distribution arises within the region of the OPD as a result of the increase of the 
refractive index of the OPD layers compared to the waveguide. Only the light, which is guided in the absorbing 
layer of the OPD can generate an electrical signal. In our setup the filling factors of the different light modes and the 
absorbing layer are quite small. This can be compensated by an increase of the detector length to gain a higher 
electronic response.
The theoretical modal absorption obtained by the simulation program allows for the calculation of this length. In 
Figure 5 the waveguide loss Įwg is plotted for all TE modes (squares). With the help of the absorption we can 






For comparison reasons we define the modal decay length for the case that I/I0 decreases to 1/e². The result is 
plotted for each mode number in Figure 5 (triangles). It becomes apparent that half of all modes can be efficiently 
absorbed in a detector length of 1 mm. Although lower modes are only partly absorbed they still contribute to the 
signal generation, and signal detection is ensured.
(a) (b)
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Fig. 5. Waveguide loss ĮZJ for each mode of propagation within a multimode waveguide of 20 μm thickness with an OPD stack of total 
thickness of 200 nm on its top surface (squares). Calculated modal decay length of each mode of propagation for which the mode intensity has 
decreased to 1/e² of its initial value (triangles).
For our design the results implicate that a sensor length of 5 mm would be needed if nearly all modes need to be 
absorbed for signal generation. In a setup where less intensity is needed for signal generation a detector length of 
1 mm might be sufficient.
4. Conclusion
In this paper we described an organic solar cell applied as organic photodetector. We found excellent signal 
generation capability of an OPD for narrow line light at 635 nm using ZnPc:C60 as active material of the 
photosensitive device. We simulated the mode distribution in an optical multimode waveguide with the OPD on the 
top surface. With these results we were able to calculate a modal decay length within the OPD. This allowed us to 
determine and optimize the detector length for an efficient light absorption and signal generation without any 
coupling structures. We found that an active OPD length of 1 mm might be sufficient for a remarkable signal 
generation in our setup.
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